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Ku¯shya¯r ibn Labba¯n, an Iranian scientist who flourished ca. A.D. 1000, composed an
astronomical handbook entitled the Ja¯mic Zı¯j. It has been considered to be derivative of al-
Batta¯nı¯’s Zı¯j al-S. a¯bı¯ (ca. A.D. 900), and through it, back to Ptolemy’s Almagest (ca. A.D.
150). We analyze the tables of planetary motion and consider the possible dependences. We
explain several unusual features, particularly the double-argument planetary equation of
anomaly tables, which are tabulated using an innovative interpolation scheme. Complete
directions for the use of the tables are given, as well as definitions of the functions tabulated.
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Ku¯shya¯r ibn Labba¯n, ein iranischer Wissenschaftler, der um 1000 lebte, verfaßte ein astro-
nomisches Handbuch mit dem Titel Zı¯gˇ al-gˇa¯mic. Man hat geglaubt, daß es von al-Batta¯nı¯s
Zı¯gˇ as.-S. a¯bı¯ (um 900) abha¨ngt und dadurch auch von Ptolemaeus’ Almagest (um 150 n. Chr.).
Wir analysieren die Tafeln der Planetenbewegung und betrachten die mo¨glichen Abha¨ngig-
keiten. Wir erkla¨ren auch einige ungewo¨hnliche Eigenarten, speziell die Tafeln der Gleichung
der Anomalie, die ein doppeltes Argument entha¨lt; sie wurden mit Hilfe eines neuartigen
Interpolationsschemas berechnet. Vollsta¨ndige Anweisungen fu¨r den Gebrauch der Tafeln
werden ebenso gegeben wie die Definitionen der Funktione, die in Tabellenform gebracht
wurden.  1998 Academic Press
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INTRODUCTION
The early Islamic astronomers who founded their works in the Ptolemaic system
did not often stray from the paradigm established by Ptolemy’s Almagest. This
conformity extended to the basic structure of the zı¯jes (astronomical handbooks):
the mathematical models, the functions tabulated, and even in many cases the
parameters used. Until at least the 11th century A.D., most tables compiled in these
zı¯jes were identical in form to those in the Almagest.
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One of the earliest zı¯jes, written by al-Batta¯nı¯ (a Latin translation is published
in [8]), gained wide acceptance, yet followed the Almagest methods almost to the
letter, adjusting only for a shift in geographic location. Kennedy, in his classic survey
[6, 168], identifies a family of five zı¯jes mostly dating around A.D. 1000 that can
be said to be based on al-Batta¯nı¯’s Zı¯j; no doubt this list could be extended today.
Among them is the Ja¯mic Zı¯j (‘‘The Comprehensive’’) of Ku¯shya¯r ibn Labba¯n
(written ca. A.D. 964).
Ku¯shya¯r is perhaps best known for his Elements of Hindu Reckoning, a treatise
on (among other things) decimal arithmetic [7]. Nevertheless, in the Ja¯mic Zı¯j he
used the sexagesimal (base 60) system standard in astronomy. He is said to have
compiled two zı¯jes, although the independence of the second zı¯j from the first has
been questioned [6, 125]. The Ja¯mic Zı¯j itself is extant in a number of manuscripts,
but the tables in the zı¯j are extant in only four: Istanbul Fatih 3418, Berlin Ahlwardt
5751, Leiden Or. 8 (1054), and Cairo Da¯r al-Kutub Mı¯qa¯t 188/2. Van Dalen’s
analysis [4, 172] suggests that the oldest of these documents, the Istanbul manuscript
(ca. A.D. 1150), contains the zı¯j in its original form. All extracts of tables in this
paper are from the Istanbul manuscript.
Certain aspects of the Ja¯mic Zı¯j have been studied. Kennedy’s survey [6, 156–157]
provides a summary of the contents. Berggren [1, 15–34] analyzes the methods of
spherical trigonometry in the text of the zı¯j. Van Dalen’s analysis of a table of true
solar longitude following the main corpus in the Berlin manuscript indicates that
it was computed using an approximate formula known as the ‘‘method of declina-
tions’’ and that it may derive instead from the Mumtah. an Zı¯j (ca. A.D. 810) [4,
174–184]. Van Dalen [3, 134–141] has also analyzed the table of the equation of
time. The tables of planetary motion comprise the majority of tables in the zı¯j and
have never been studied in detail.
The purpose of this study is twofold. Firstly, we propose to survey the tables of
planetary motion in the Ja¯mic Zı¯j and indicate how they were to be used. Ku¯shya¯r
differs from his predecessors in the tabulation of one crucial function (the equation
of anomaly); we give a detailed analysis of his methods and provide mathematical
definitions of the tabulated functions. His method anticipates other astronomers’
techniques five centuries later. Secondly, we examine the connections between
Ku¯shya¯r and al-Batta¯nı¯ with respect to the tables of planetary motion. This naturally
involves a concurrent study of the degree to which both authors might have bor-
rowed from Ptolemy’s tables in the Almagest.1
PTOLEMAIC PLANETARY ASTRONOMY AND THE TABLES
IN THE JA¯MIc ZI¯J
Ptolemy’s planetary models and basic functions were used by both Ku¯shya¯r and
al-Batta¯nı¯, and are summarized here. The planets’ motions are analyzed in two
parts: the motion in longitude along the plane of the ecliptic (the sun’s circle), and
1 For a summary of the tables in Ptolemy’s Almagest, see [18].
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FIG. 1. The Ptolemaic model of planetary motion.
the motion in latitude measured perpendicularly to the ecliptic. All follow the same
model, with certain modifications in the case of the moon and Mercury.2
The theory of planetary motion is designed in part to account for the retrograde
motions, wherein the planet occasionally reverses its direction of motion in the sky
for a short time before returning to its usual direction. The Earth is placed away
from the center of the deferent circle (see Fig. 1), and the apogee A is considered
to have a constant longitude lA . The planet does not revolve on the deferent, but
rather on a smaller circle called the epicycle, whose center revolves on the deferent.
The center of constant angular velocity is not the center of the deferent, but a point
the same distance from the center as the Earth, in the opposite direction. This is
known as the equant point, and we call the angle cm(t), which increases linearly
with time t, the mean centrum. The angle am(t) (the mean anomaly) also increases
linearly with time, and av(t) (the true anomaly) is found by adding to or subtracting
from it the equation of center q(cm). The planet’s longitude, then, is determined by
l(t) 5 lA 1 cm(t) 6 q(cm) 6 p(av , cm),
where p is the equation of anomaly (the apparent size, seen from Earth, of the line
segment connecting the planet to the center of the epicycle). The angles q and p
are added or subtracted depending on the values of cm and av . The functions
2 We deal with the standard planetary model (used for Saturn, Jupiter, Mars, and Venus) here. For
the moon and Mercury, Ku¯shya¯r uses methods similar to those presented in this paper, but adapted to
account for variations in the models. We have translated the astronomical functions into mathematical
notation using the method established by Olaf Pedersen in [10].
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traditionally tabulated are the two mean motion functions cm(t) and am(t), the
equation of center q(cm), and the equation of anomaly p(av , cm). Since both cm(t)
and am(t) are linear functions, they present no mathematical difficulties. Modern
formulas for the other two functions are
q(cm) 5 sin21(2e sin cm/r(cm)) and
p(av , cm) 5 tan21(r sin av/(r(cm) 1 r cos av)),
where r(cm) is the distance from the Earth to the center of the epicycle, given by
r(cm) 5 !(ÏR2 2 (e sin cm)2 1 e cos cm)2 1 (2e sin cm)2.
q(cm), then, depends on the distance e from the Earth to the center of the deferent,
while p(av , cm) depends on both e and the radius of the epicycle r.
This model accounts only for longitudinal motion; models of latitudinal motion
are handled separately. Of the 53 tables in the Ja¯mic Zı¯j, 24 deal with the planetary
longitudes as discussed above, while six deal with latitudes. Since Ku¯shya¯r’s latitude
tables are almost identical to Ptolemy’s and contain little of interest, we will not
discuss them here. Ku¯shya¯r also includes tables of all the mean motion functions
cm(t) and am(t). The values of the parameters of these motions, which seem to be
borrowed from al-Batta¯nı¯, are given in Kennedy’s survey [6, 156].
Of most interest to us are Ku¯shya¯r’s tables for the equations of center q(cm) and
for the equation of anomaly p(av , cm). The latter, a double argument function, is
tabulated both by Ptolemy and by Ku¯shya¯r using interpolation schemes that avoid
tabulating a two-dimensional array of entries. They will be described in detail later.
The values of the eccentricity e and the radius of the epicycle r of course affect
the entries to some degree, and the use of a different value of one of these parameters
would preclude the possibility of an author borrowing a table from Ptolemy. Van
Dalen [2] has constructed a statistical estimator of the value of a parameter or set
of parameters from a given historical astronomical table. In all cases but one, this
test confirms that Ku¯shya¯r’s and al-Batta¯nı¯’s values of these parameters are identical
to Ptolemy’s. For Mars’ eccentricity, however, whereas both Ptolemy and al-Batta¯nı¯
use e 5 6 (and Ku¯shya¯r himself states that value), Ku¯shya¯r appears to use a value
close to e 5 6; 2, 35 in the tables.3 Perhaps he or some intermediary had some
observational basis for changing this value.
SHIFT AND DISPLACEMENT IN KU¯SHYA¯R’S EQUATION OF
CENTER TABLES
Kennedy [6, 155, 157] reports that both al-Batta¯nı¯ and Ku¯shya¯r use planetary
models and functions identical to Ptolemy’s (except for a slight difference in the
equation of center for the sun and Venus). The transcription of the equation of
3 The standard sexagesimal (base 60) numeration system is used here; for example, 6; 2, 35 5 6 1
2/60 1 35/602.
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TABLE I
Ku¯shya¯r’s Table for the Equation Center for Mars
Note. Displacement and shift have been used. The latter half of the table has been abridged here;
the full table contains entries for every degree of cˆm .
center table for Mars in Table I seems, at first glance, to tabulate an entirely
different function (compare with column 2 of Table II, giving the actual values of
q(cm)). This apparent difference may be explained by a feature adopted by Ku¯shya¯r
to aid the user’s calculation of l. Variations on this technique have been found in
a number of medieval Islamic tables (see for instance [5; 12; 13; 14; 15]). Van Dalen
[3, 137–138] has described these techniques for the solar equation; we describe
Ku¯shya¯r’s approach here for planetary longitudes.
Ptolemy’s instructions for the determination of planetary longitudes, reflected in
the formula l(t) 5 lA 1 cm(t) 6 q(cm) 6 p(av , cm), require the user to decide
whether the two equations are to be added or subtracted. Apparently, this was
considered by many Islamic astronomers to be less than ideal for practical purposes.
Ku¯shya¯r solves the problem by the process of displacement. Constants are added
to the definitions of q and p so that the functions never take on negative values
and hence are always added when finding a longitude. For example, for Mars he
adds 128 to q and 478 to p. In both cases these are the smallest integers m, n possible
so that the new functions qˆ 5 q 1 m8 and pˆ 5 p 1 n8 are always positive.
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TABLE II
Ku¯shya¯r’s Displacement and Shift
Note. Column 2 gives some entries from our recon-
struction of Ku¯shya¯r’s original values of the equation
of center for Mars. The process of displacement (of 128)
on these entries occurs in column 3, followed by a shift
of 598 in column 5. This last column is tabulated by
Ku¯shya¯r in Table 1.
This, in the case of Mars, causes an increase of 478 1 128 5 598 to the longitude
calculations. To avoid asking the user to subtract 598 later, Ku¯shya¯r decreases each
of the values in the mean motion table for lm (5cm 1 lA) by 598. This restores the
balance; however, it has the undesirable side effect of misreporting the value of cm
by 598—and cm is an argument of both q and p. The relevant tables are thus
subjected to a shift of 598, so that the appropriate value of qˆ or pˆ appears opposite
the user’s tabulated value of cˆm 5 cm 2 598 (see Table II).
In summary, for the equation of center, Ku¯shya¯r tabulates
qˆ(cˆm) 5 qˆ(cm 2 598) 5 q(cm) 1 128.
The user finds the true centrum c by adding the equation of center to cˆm using
the relation
cˆ 5 cˆm 1 qˆ(cˆm) 5 (cm 2 598) 1 q(cm) 1 128,
where cˆ 5 c 2 478. (The remaining displacement of 478 is added later, in the
calculation of p.) This determines the longitude of the center of the epicycle (see
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FIG. 2. Ptolemy’s and Ku¯shya¯r’s interpolation schemes for the equation of anomaly. The user’s values
for av and cm are indicated by markings on the horizontal axes and the dashed curves. The goal is to
determine the height of X.
Fig. 1). The final step in finding the planet’s longitude is to account for its position
on the epicycle. This is handled by the equation of anomaly, p(av , cm).
A NEW DOUBLE-ARGUMENT INTERPOLATION METHOD FOR THE
TABLES OF THE EQUATION OF ANOMALY
The equation of anomaly p(av , cm) is a considerably more daunting task for
tabulation. Since it is the apparent angular size of the epicycle’s radius seen from
the Earth (see Fig. 1), it depends strongly on av , the planet’s position on the epicycle.
However, it also depends weakly on cm , which gives the position of the epicycle
on the deferent and thus determines the distance between the Earth and the epicycle.
Ptolemy does not attempt to tabulate p for all values of both arguments. Instead
he uses a scheme now called Ptolemaic interpolation, which alleviates his burden
considerably.4 Figure 2 contains a surface plot of the function p using the Mars
parameters, for av and cm [ [08, 1808].5 The goal is to provide a method of tabulation
which determines p for any values of av and cm ; sample values of these arguments
are indicated on the axes and by dashed curves in Fig. 2. The desired value of p is
the height of the intersection X of the two dashed curves.
Ptolemy tabulates p for three specific values of cm :
p0(av) 5 p(av , 08); p1(av) 5 p(av , c0m); and p2(av) 5 p(av , 1808).
4 Full expositions of Ptolemaic interpolation in the general case may be found in [9] and [19].
5 Of course, neither Ptolemy nor Ku¯shya¯r would have envisioned any function in this paper with
reference to Cartesian coordinates.
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TABLE III
Errors Caused by the Use of Ptolemaic Interpolation and Ku¯shya¯r’s
New Interpolation Scheme in the Determination of Planetary
Longitudes
Note. The entries in the rows entitled ‘‘Typical Error’’ give a range
of errors appropriate in at least 70% of calculations.
c0m is a fixed value slightly greater than 908, chosen so that r(c0m) 5 R 5 60 units,
thereby facilitating the computation; we call p1 the central equation of anomaly. In
Fig. 2, then, if cm , c0m , X will lie between A and B as pictured; if cm . c0m , X will
lie between B and C. In the former case, the user is asked to look up the values
of p0 and p1 (the heights of the points A and B); in the latter case the user looks
up the values of p1 and p2 (the heights of B and C). To find the required function
value—the height of X—Ptolemy uses the curve DEF at the peak of the surface
corresponding to the function
pmax(cm) 5 max hp(av , cm): av [ [08, 1808]j.
(Note that DEF does not necessarily correspond to holding av to some constant.)
He then assumes that the curves AXB and DYE increase in a similar manner; that
is, BX/BA P EY/ED (where each pair of letters refers to the difference between
the heights of the two points). The ratio EY/ED depends only on cm , and Ptolemy
tabulates it as an interpolation function f1(cm), which ranges in value from 0 to 1.
For cm . c0m , he tabulates the ratio EY/EF; we call it f2(cm). These two functions
are combined in a single interpolation table, and the user may compute the required
p(av , cm) for cm , c0m as
p(av , cm) P p1(av) 2 f1(cm) ? [p1(av) 2 p0(av)]
(and similarly if cm . c0m).
Ptolemy’s efforts for his standard 45 values of each argument are in this way
reduced from 45 3 45 5 2025 entries to only 4 tables 3 45 entries 5 180 entries.
(He actually tabulates p1 , p1 2 p0 , and p2 2 p1 to ease calculation, in addition to
the interpolation function f1(cm).) The errors involved in Ptolemy’s approximation
are quite small due to the fact that Ptolemy interpolates across cm , which affects
the value of p to a much smaller magnitude than does av . The actual size of error
depends on the values of the parameters. Typical and maximum errors for the four
planets using the standard model are given in Table III.
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Al-Batta¯nı¯ and, to my knowledge, all other tabulators of the equation of anomaly
in this time period use Ptolemaic interpolation to avoid double arguments.6 Ku¯shya¯r,
however, uses an entirely new scheme. Only three functions are tabulated, including
the central equation of anomaly p1(av) and two new functions. Ku¯shya¯r gives no
clue for his motivations in the text; he describes only how the reader is to use the
tables to compute p. I provide here my analysis and hypotheses of his tables and
interpolation method; recalculations and plots of sample tables are given to verify
my conclusions.
Ku¯shya¯r’s basis of computation is, like Ptolemy’s, the central equation of anomaly
p1(av) and the curve DEF at the peak (see Fig. 2). The user determines from
Ku¯shya¯r’s table the appropriate value of p1 (the height of B; his table for Mars is
given in Table IV). Ku¯shya¯r’s second function, which we call pK (cm), gives the
difference in height between the points Y and E (Ptolemy had computed the ratio
EY/ED). Thus
pK (cm) 5 pmax(cm) 2 pmax(c0m).
Now, Ku¯shya¯r assumes that the difference in height from B to X (which would
give us the required height of X) is proportional to the height of B. That is, the
quantity pK (cm) must be scaled by the factor (Height of B)/(Height of E). This is
a function of av only, increasing from 0 to 1, then decreasing to 0 again as av
increases from 08 to the peak, then on to 1808. It is defined as fK (av) 5 p1(av) 4
pmax(c0m). The final computation of p, then, is accomplished by
p(av , cm) 5 p1(av) 6 fK (av) ? pK (cm);
the addition or subtraction is determined by whether cm is greater than or less than
c0m .
Table V contains Ku¯shya¯r’s table of the function pK (cm) for Mars, together with
a recomputation; a graph of the function along with tabular values is given in Fig.
3. This table also features the shift (but not the displacement) found in the equation
of center tables. For the reader’s benefit, the shift has been removed from our table
so that the original function may be seen more clearly. Table VI contains Ku¯shya¯r’s
table of fK (av) for Mars and a recomputation. As one can see from Fig. 3, the fit
for both functions is excellent. A similar analysis verifies my hypotheses for the
tabulated functions for the other planets.
Curiously, the tables’ instructions indicate that the true centrum c, rather than
the mean centrum cm , is to be used as the argument for pK . This is confirmed by
the fact that the shift used in the table fits what is required for c rather than cm .
However, the function is clearly tabulated under the assumption that cm is the
argument. The intersection of pK with the horizontal axis (see Fig. 3) should occur
at c0m (a value greater than 908) if cm is the argument and should occur at a value
less than 908 if c is the argument. The values in the tables confirm that the axis
intersection point is always at c0m . Also, the values of the function pK agree very
6 Several later medieval Islamic astronomers used their own methods; see [15] and [16] for examples.
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TABLE IV
Ku¯shya¯r’s Table of the Central Equation of Anomaly p1(av) for Mars
Note. In the manuscripts the function is tabulated with an upward displacement of
478, which has been removed here. The function is tabulated to av 5 3608, but the
second half of the table is symmetric to this first half. Most entries are correct to within
two units in the last place.
closely with the tabular values for an argument of cm , but are far off from the
tabular values for an argument of c.
In theory, Ku¯shya¯r’s scheme has much to recommend it over Ptolemy’s. It requires
the tabulation of only three functions instead of four. The function pK (cm) deriving
from pmax(cm) replaces the pair of Ptolemaic functions f1(cm) and f2(cm), and is
simpler to calculate than f1 or f2 . Finally, the elegance of the method is most evident
when one notices that fK (av) is simply the already-tabulated central equation of
anomaly divided through by its greatest entry.
In practice, Ku¯shya¯r’s scheme is not so fortunate. The magnitude of the error
caused by the interpolation method depends strongly on the values of the parameters
e and r. Typical and maximum errors for the planets using the standard model are
given in Table III. Clearly the errors are considerably larger than those incurred
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TABLE V
Ku¯shya¯r’s Table of pK (cm) for Mars, with Errors in Units of the Last Sexagesimal Place
Note. The table in the manuscripts features shift, which has been removed here. The
italicized entries indicate that the quantity fK (av) ? pK (cm) is to be subtracted rather than
added. (In the manuscripts, the italicized entries are given in a separate table.) The
continuous drifts in error are typical of medieval astronomical tables, and may be caused
by interpolation within the table or some other systematic error source. In addition, the
values of two of the three parameters are not certain: the eccentricity e, and pmax(c0m).
by Ptolemaic interpolation. They are non-negligible for the planets Venus and Mars,
the two planets with large eccentricities. Thus, while Ku¯shya¯r’s scheme may be
regarded as ingenious, it must also be considered only a partial success.
Ku¯shya¯r’s scheme is not the only alternative to Ptolemaic interpolation for the
planetary functions found in the literature, although it is by far the earliest. Al-
Ka¯shı¯ (ca. A.D. 1400; see [16]) and Cyriacus (A.D. 1480; see [15]) both vary from
Ptolemy in their approaches to the planetary equation of anomaly, in ways that
require the tabulation of a double-argument table.
THE FINAL CALCULATION OF LONGITUDE
To summarize, we present a sample calculation of the longitude of Mars. Suppose
that the user finds from the mean motion tables that cˆm (5 cm 2 598) 5 1328 and
that aˆm(5 am 2 128) 5 1048 for the moment in question (since av 5 am 1 q, the
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FIG. 3. Ku¯shya¯r’s two new functions pK (cm) and fK (av), using the Mars parameters. Ku¯shya¯r’s tabular
values are indicated by tick marks on the graph, and are almost indistinguishable from the curves
indicating the functions.
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TABLE VI
Ku¯shya¯r’s Table of fK (av) for Mars
Note. The function is symmetric; Ku¯shya¯r does not tabulate new entries after 1808, but
rather writes the arguments from 1818 to 3608 in the same table, in reverse order and
upside-down. The ‘‘correct’’ entries of this table are computed by taking Table IV and
dividing through by its largest entry.
tables for am are decreased to compensate for the displaced value of q). From the
equation of center table, we find that qˆ(1328)(5q 2 128) 5 14; 278. Thus
cˆ(5c 2 478) 5 1328 1 14; 278 5 146; 278 and
av 5 am 1 q 5 1048 1 14; 278 5 118; 278.
This gives the longitude of the center of the epicycle. To find p(av , cm) we find the
following three values from the tables:
p1(av) 1 478 5 87; 88; pK (cm) 5 5; 418; fK (av) 5 0; 58.
Then, since the entry for pK (cm) is in the section of the table indicating addition,
we have
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p(av , cm) 1 478 5 p1(av) 1 pK (cm) ? fK (av) 5 87; 88 1 (5; 418) ? (0; 58) 5 92; 388.
Finally, the longitude of Mars is
l 5 lA 1 (c 2 478) 1 (p(av , cm) 1 478) 5 3018 1 146; 278 1 92; 388 5 180; 58.
INTERPOLATION WITHIN THE PLANETARY TABLES
Closer examination of the entries in the planetary longitude tables reveals that
neither Ku¯shya¯r nor al-Batta¯nı¯ computed every entry in their tables directly, but
rather that they interpolated two entries between every 38 of argument in most
cases, to generate entries for every 18 of argument. Both astronomers used distrib-
uted linear interpolation (DLI), a crude but generally effective variant of linear
interpolation. Its use dates at least to Ptolemy, and it has been found in a number
of medieval astronomical tables [11, 219; 17, 681–682], including one occurring in
one of the manuscripts of the Ja¯mic Zı¯j [4, 182–183]. We illustrate its use with
Table IV, the central equation of anomaly table for Mars.
Take, for example, the stretch of entries beginning with av 5 608. Ku¯shya¯r tabu-
lates p1(608) 5 23; 138 and p1(638) 5 24; 188; it is required to interpolate entries
for av 5 618 and 628. The overall increment is 1; 58 5 659, to be split into three
increments. Linear interpolation requires the use of two increments of 229 and one
of 219. Since the function p1 is increasing but concave down, the error in the
interpolated entries can be minimized by placing the larger increments at the
beginning and the smaller increments at the end. Thus p1(618) 5 23; 138 1 229 5
23; 358, and p1(628) 5 23; 358 1 229 5 23; 578.7
Linear interpolation, however, is not used indiscriminately by either Ku¯shya¯r or
al-Batta¯nı¯. In sections of the table near the peak (where the function’s concavity
is greatest), or where the function changes rapidly, the authors revert to direct
calculation. This is the case, for example, in Table IV, where Ku¯shya¯r abandons
DLI when the function nears its peak (at about av 5 1208) and afterwards. This
effect may be found in both authors’ central equation of anomaly and equation of
center tables.
LINKS WITH AL-BATTA¯NI¯ AND PTOLEMY
The use of an interpolation grid of 38, both by Ku¯shya¯r and by al-Batta¯nı¯, raises
the possibility that the directly computed entries were simply borrowed from the
tables in Ptolemy’s Almagest, since those tables use increments of 38 and 68. We
discuss each set of tables in turn.
The links between the equation of center tables are mixed. For Saturn both
7 It could be argued that direct computation might fit the entries in the tables equally well. However,
a simple way to verify that DLI has been used is to examine the (central) second differences of the
table entries and list those arguments corresponding to differences that are not 0; 0 or 20; 1 (for
functions concave down). For direct computation these arguments should be randomly distributed; for
DLI, they should be multiples of 38. In the case of the first half of Table IV, these entries are 108, 158,
188, 218, 248, 278, 308, 338, 488, 518, 548, 638, and 668. Results are similar for other tables. Note that there
are occasional mismatches with DLI, some of which are caused by scribal errors.
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Ku¯shya¯r’s and al-Batta¯nı¯’s tables derive from Ptolemy; a small set of entries in
Ku¯shya¯r’s table (cm 5 878–998) differs from the other two. For Jupiter, Ku¯shya¯r’s
table is almost identical to al-Batta¯nı¯’s; both differ markedly from Ptolemy’s. For
Mars, Ku¯shya¯r uses a different value of e, eliminating the possibility of dependence.
For Venus, both al-Batta¯nı¯ and Ku¯shya¯r tabulate a solar equation function:8
Ku¯shya¯r’s table agrees perfectly with his earlier solar equation table; al-Batta¯nı¯’s
does not. For Mercury, the three tables seem to be dependent.
The tables of the central equation of anomaly all appear to be dependent: the
number of entries that do not match is always much smaller than the number of
errors in each table. However, there are discrepancies between all three tables, for
each planet. Recall that the central equation of anomaly is the only tabulated
function that Ku¯shya¯r shares with Ptolemy and al-Batta¯nı¯, due to his new double-
argument interpolation scheme.
CONCLUSIONS
The planetary motion tables in Ku¯shya¯r ibn Labba¯n’s Ja¯mic Zı¯j contain much
that derives from their predecessors, but also some significant innovations. Some
tables are clearly based on their equivalents in the Almagest and in al-Batta¯nı¯’s
Zı¯j, and Ku¯shya¯r’s apparent attempts to recompute certain stretches of these tables
were not entirely successful. Nevertheless, his use of displacement and shift, possibly
his use of a different parameter for Mars, and particularly his ingenious new interpo-
lation scheme for tabulating the double-argument equation of anomaly, reveal that
he was no mere copyist. His restructuring of the planetary motion tables significantly
simplified the process of determining a planet’s longitude at a given time, long
before others made similar attempts.
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